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The synthesis and photobiological a ctivity of four new 4'-methyl derivatives of 5-MOP 
(5-methozypsoxalen) and 5-MOA (5-methoxy3iigelicxn)> i-e^ 4,4'-^iinetiiyl-5-^methoacypsoraleii, 
3 y 4'-d i m Rthyl^metbosypsoralffn , y^Tm PtlrylJwmgrfcli nrry^np^K rin t and 3,4'-Khmethyl^methr 
osyangelidzw are described. AH these compounds photobind efficiently to DNA The DNA- 
photobinding process was investigated using various nucleic acid stiu i tme s such as double- 
helix DNA, bacterial DNA and synthetic polydeoxyriboniicleotid^ Photoreaction e*pei r l r tents . 
showed that, unlike 8-MOP (c^methozypsoraleu) and 5-MOP, both, augnlffr derivatives bind 
thymine andcytosme with the same efficiency. The principal n nrle o side-psuiAlen monoadducts 
were isolated and characterized after enzymatic digestion or acid hydrolysis. Biological a ctivity 
studies revealed a good (correlation with the extent of covalent photoadditian. Moreover, the 
two angular der i vat i ves and the ^^-dhnethyi ^mel ii c a ^ psoralen were unable to induce skin 
erythema, in striking c on tr a st with the reference drugs, 8-MOP and 5-MOP; only the 3,4- 
dlmethyl-5-meth oay psor alen caused erythema, »i*>i«ng>» to a substantially lower extent than 
that induced by the two parent compounds. 



Introduction 

The photosensitizing furocoumaxms 8-methoxypsor- 
alen (8-MOP), 5-methoxypsoralen (5-MOF), and 4»5',8- 
trimethyipsoTTalen (IMP) are widely used in FDVA 
therapy (psoralen plus ultraviolet-A radiation) as effec- 
tive treatment for various sMn diseases and, more 
recently, for cutaneous T-cell lymphoma by Tnfgmn of 
photopheresis, an Trftlramipmeal fur in of photochemo- 
therapy. 1 " 3 The biological a ctivity of these derivatives 
has been correlated to their ability to photoreact with 
UNA; photoaddition involves the 5,6 double bond of the 
pyriznidine bases of the macromolecule and the 3,4 and/ 
r 4',5' psoralen double bonds, leading to the formation 
of mono- and diadducts in DNA*- 5 This damage to the 
macromolecule is also responsible for some of their 
therapeutic effects. Both mono- and diadducts are 
effective in ^nhfttttrtg DNA synthesis, although de- 
creased photoinduced Tnutogenicity has been found in 
the case of monofunrrfnnal as opposed to Afunctional 
psoralens. 6 Thus, a general, attempt has been made to 
find new compounds which only give rise to monofune- 
tional photobinding with DNA, with the aim of reducing 
undesired side effects such as skin phototoxicity and 
genotoodcxty. We have studied a number of derivatives 
of 8-MOP bearing one or two methyl groups at positions 
3 or 4 and 4' of the tricyclic structure, In particular, 
one of these compounds, 3,4%dimethyl-8-MOP. showed 
intense antiproliferative activity without mitts geiiicily 
and skin toxicity. This compound is essentially mono- 
functional, and its unusual behavior is due to its ability 
to form the furan side adduct having particular char- 
acteristics. 7 
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More recently, ' especially in Europe, 5-MOP has 
efficiently been used in the oral therapy of psoriasis, 
being leas toxic and better tolerated by patients than 
S-MOP- 5 ^ 9 In Tight of this new evidence, it appeared 
interesting to t***rmiTtt* new derivatives of 5-MOP* 
Moreover, remarkable attention has been directed to 
flrogpTtCTra^ winch ^t*^ iT n'Quofi ^ n ' ^rtuM^wl ^ g^^fc fl.^^ a .a urn- 
ber of methylangelicins have been synthesized and 
investigated. They show g^Jniru^iiL antiproliferative 
activity, lower genotoziclLy than psoralens, and, in 
general, lack of sMn phototoxicity. 1 w * Nevertheless, 
no in ves Ligation has ever been made on the presence of 
a methazy group in the 5 position with methyian- 
gelidns. 

In this paper we describe the preparation of four 4'- 
methyl derivatives of 5-MOP (campaands 1 and 3) and 
5-MOA (compounds 2 and 4), all carrying a methyl 
group at position 4* and a further methyl at position 3 
or 4 (see Schemes 1 and 2); their photoreactaviry with.; 
nurlpic acids and their photobiological a ctivity were 
studied. 

We also report an in-depth investigation of photoad- 
•- dztion toward bacterial nucleic acids and synthetic 
polydeuxyrlbonncleotides, highlighting the fact that, 
unlike 8-MOP and 5-MOP, 4^'-dimethyl-5-methaxyan- 
getidn Tm^g both thymine,* the DNA base usually 
preferred by furocoumarins, and cytc^e with the same 
efficiency. We therefore isolated and characterized the 
principal nucleosides-psoralen monoadducts after en- 
zymatic digestion and acM hydrolysis of DNA irradiated 
in the presence of4,4 # -^mietfayl-5-methoxymigeTirlTr J in 
order to evidence and ' ""fi r 1 " their unusual and inter- 
esting behavior. 

Results and Discussion 

Chemistry*, t^mt fbrocoumarin 1* its angular 
isomer 2, and their emiespunding 3-methyl derivatives 

199$ ^-rn^r^rrt Cfrit*mnrrm\ finely 
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3 and 4 were obtained from l,3^ydraTy-^d&a^yw 
benzene (5), as shown in Schemes 1 *m*i 2. 

The Pechmann reaction of 5 and ethyl acetoacetate 
in sulfuric acid gave comxxarins 6 and 7 in 53:47 molar 
ratio and 65% combined yield- The compounds were 
separated by flash chromatography with 9:1 toluene/ 
ethvl acetate an elngnt ^ ^oT^fr^ fry frfQESY ospcii- 
ynrnttt, The first product elated was 7, in which 
irradiation at the frequency of the methoxy gign»1 led 
to enhancement of the signals due to both aromatic H(6) 
and HIS); for compound 6, only the signal due to H(6) 
was enhanced. The 7-li>> ill uxy uiainaTin 6 was converted 
to the ^keto ether 8 In 66%. yield by reaction with 



Gia et ax. 

Table 1. Binding Parameters of Complexes between 
Coxnpoandfl and Calf Thymus UNA and Rate Constants of 
Their Photoreaciaon between Various Fnroconinarms ^.^ 
Maotmtolecole 



compd 




Un 


rate constant, mm - * 


1 
2 

3 - 
4 

S-MOP 


630 
3700 

920 
3100 
1700* 


5x10"* 
1.2 x 10 1 * 
4L5X10" 3 
03x10"* 
6-5 x 10-* 


2J.X10-* 
2^x10"* 
0.32 xlO"* 
0J.7 x 10r* 
0.41 x 10- 2 ' 


* K ~ a, wwT»tioTi constant to an isolated site. * Taken fiom ref 
32* 



cnloroacetone in the presence of potassium carbonate, 
^ ajfeg « m a strong alkaline sohrtian and then 
acidifying the reaction mixtur e afforded the isomeric 
cycE^ products 1 and 2 in 35:65 molar ratio and 89% 
. con^ned yield; these isomers were separated by flash 
chromatography as before. The nrst product ehited was 
nraqmvocalry identified as 2 by NOEST experiments, 
since irradiation at the frequency of the methaxy signr 1 
led to enhancement of only the qignni due to H(6> for 
**** sigTia1q **; to both methyl groups were 

For preparation of the dimethyl fnroeoumarins 3 and 
4, rather thanHCN,^ anisole 5 was formulated by zinc 
cyanide/HCl in the presence of a « wl l amount of zinc 
chl o rid e , Amixture of salicyl aldehydes 9 and 10 was 
thus obtained in 8&12 molar ratio and 69% combined 
yield. The PerMn reaction of 9 with a carefully con- 
trolled amount of propionic anhydride and sodium 
propionate directly gave coumarin 12 in moderate 
yields. However, the use of a large excess of reagents 
andadd hydrolysis of the intermediate 7^ piupianyl axy> 
conmarin 11 gave 12 in a better overall yield (57%, fern 
WL Tne^ieto ether 13, obtained as . described above 
ror 8, was cyclized in a strong alkaline soltrtion to afford 
fuxuuiumarirffl 8 and 4 in 25:75 molar ratio and 78% 
overall yield from 12. These compounds were purified 
by flash chromatography and identified by NOEST 
experiments. Since irradiation at the fr^grrmjyry pf t he 
. methaxy signal led to enhancement of HC6), it was 4 ■ 
which was eluted first. . - . 

Ni mcovato gt Binding to UNA* It is weltknowii * 
that f uioco i7ntartns first ibrm a r evenii hle intercalated 
complex with the tmrMc acid and that tins' step is a 
pr elTrrnTwr y necessary event fur the successive photo- 
a ddition 4 The binding process was evaluated by equi- 
fibrxnm dialysis experiments using labeled fbroeon- 
marms. 16 The experimental data, analyzed using the 
neighbor ff irlmfan model, 17 allowed compu tation of the 
binding parameters. The complexalion ability of the 
new derivatives (see Table U is similar to the refcsrence 
drag; the values of these parameters being of lie sam 
order of magnitude as those of 5-MOR 

Fhotobindfng to DNA. Irradiation of DNA. solu- 
tions in the presence of the trxtiated new compounds 
allowed determination of the jy mi M in t of each farocou- 
marin covalently linked to the macromoleenle; S-MOP 
was also tested as reference. Kgure 1 reports the 
photobinding of these compounds as a function of 
irradiation time: both angular and linear 4,4'^cumethyi 
derivatives appear to be remarkably more » ffi »f . f v fr than 
their nonmethylated congener (3 lames more reactive 
than5-MOF). The two 3,4^dnnetbyl isomers a^ bind 
en^dently to nucleic add, although to a lower extent 
than the reference drug. These p'hntnr^^ti^^ brinrre 
like psexido-firstKitrder reactions 'with respect to the 
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0 10 20 30 40 SO 60 
frnn&ifiof) time (mlri) 

Figure 1. Photohindiag of compounds 1—4 and 5-MOP to 
doublMtanded DNA from calf t hymus (nudeotide-^rag ratio 
= 75) as a function of irradiation trmn 




Figure 2. Cross-linkmg of compounds 1—4 and 5-MOP to 
double-stranded DNA from calf thymus (nucleotide— drag ratio 
= 75) as a function of ir ra d iation time. 

ftzrecoumarm completed to the m ft rrorool rcnle.^ The 
rate constant values, reported in Table 1, reveal the 
good ac tivity of the 4,4'-dm*ethyl derivatives. 

Grofls-IoDkiri^* Figure 2 shows the cross-fokmg 
ability of the dimethyl compounds; as expected, by 
virtue of their angular struc ture , compounds 2 and 4 
are inonofunctional; compound 3 is less efficient in 
Tndtirm g- cross-links than reference drug- 5-MOP, and 
compound 1 appears as efficient as its xmauballluted 
rcyn g^T in grr^^ experimental mmdit!(um. Following 
Lown *rtA Sim (1978), 18 we calculated the average 
number of cross-links per DNA. molecule (at 10 mm 
irradiation, the figures were 1-38, 0.69, and 0-23 for 
5-MOP, 1, and 3, respectively) and compared them wntb 
the phn^bmding (Figure 1). Tne mono-Zcross-link 
ratio was then 0,10, 0J.9, and 0.92 far OTnpormds 1,3, 
smd 5-MOP- In other worda, in terms of ability to 
pbotobxnd macromolecule vs ability to form diadducts 
in the double helix of DNA, bcth linear derrvatives have 
a lower ratio, so that lower toxicity may be expected- 

Photobmding to Bacterial DNA. and Synthetic 
Polyiiucleotides> FnxtheriiuoimHHnn ondrxigrnter- 
action with its own l ecep to r (rmrlfic acid) can be gaine d 
easily by identification of site spe cificit y in the photo- 
Hfr^Ttg process. Tbna we followed tbe pbc4»bindmg 
time course compounds 1 to 4 and 5-MOI* to nucleic 
adds having different base pair compositions. Since 
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figure 3. CA) Photobmding of compoimd 2 to synthetic 
polydeoxyribanadeotides and DNA wim various ArT mn Lents , 
as a function of irradiation tame. CB) Photobmding of 5-MOP 
to synthetic polydepxyTTbonnrl gptidfls and DNA with various 
A»T contents, as a nmcdon of irrfldlalton time. 

thymine is by fer the p r efei red pyrimidme base in 
psoralen photobmding, generally increasing tbe A*T 
content causes a linear, increase in the amount of the 
drug covalentry Dound to the polynucleotide. 19 ^ 0 We 
•noted tbe new linear d er i vative s show behavior 
pfrwrisn- to that of classical fiii oco umTTrm - H (data not " 
shown)* whereas the photoreactrvity of angular furo- 
coumarins does not depend on A-T content. To farther 
investigate tbis unusual bebavior, the photobmding of 
these compo u nds to polytdA-dT>-pcay[dA-d31 and poly- 
[dO^C3-polyIdG-dC] was studied. The re sults a re 
plotted in Figure 3 in terms of the photoTeactzvity on 
compound 2 and 5-MOP to three DNA. samples with 
diDe io nt base cornpositions and two polynucleotides, as 

> ftmrfiftn <ifjiWHft**m> trmo, xSgUXe 4 SHOWS the extent 

ofcovalent photobimlingplotted against tbe A-T content 
(38% in Jficroroccw lysodeikticrts, 60% in catf t hymus, 
72% in Clostridium perfringerisX Tbe pbotoreacLivity 
of compound 2 and of its congener 4 was substaTrtially 
constant for all DNA samples, indicating much more 
widespread photoflririrttan along the polynucleotid and 
therefore ari identical ab^ 

thymine. , 1 
Preparation of Addncta. To isolate and character- 
ize the addicts betweerifbTOC^^ 
?rn* i an aqueous DNA solution vras irradiat ed CS g no) 
in tbe presence of the fiiru t iiim iarin. After 
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Figured FhotoMnding of compounds 2* 4, and 5-MOP as a 
function of % A-T content in nucleic adds (irradiation trm* 45 
mm). 




J* 



TIME (ram) 

Figure o« HPLC elation profile of photoaddncts fu i nm ig 
between calf thymns DNA> and compound 2, obtained after 
enzymatic digestion of maonrnmlernlp C-18 column ehrted 
with a TTiPthannVwatcrinncWre (40^0), at a flow rate of X ml/ 
mm. 

• * 

irradiation and precipitation, tLe photomodxfzed DNA 
was enzymatically dige sted ( see the Experimental Sec- 
tion) and analyzed by HPLC. The chromatographic 
elation profile is shown in figure 5: two distinct 
phctocampounds are evident at xetention times of 1934 
(Add D and 223 (Add ID nrin, respecti v ely. Both UV 
absorption spectra showed evident absorption at about 
330 TTm, suggesting cyt^addition at the furan side. The 
isolated photocompounds were photospEt with 254 nm 
light (see the F*xpertmprrta1 Section), and the process 
was followed spectrophotoinetrically (Kgure 6 for Add 
D. Gradual decrease of the absorption band at 330 nm 
accompanied by increase of the bands at 310 and 250— 
260 Tiuij typical of parent conipormd 3 (pyxiinidzne 
also absorb at 260 nm). Add I was photospht into 4,4'- 
cqmethyI-5-Tn fithoayTrngplirtp and rrriAbn*** Add II gave 
4,4'Hnmethyl^metho3yan5eEcin *mr» thymidine, as 
shown by TLC comparison with authentic rennpli»g It 
is well-known that DNA base cytoaine easily undergoes 
hydrolysis when its 5,6 bond is saturated: thus the 
presence of Trrnfil Tndirated that oar egmpf mnd Imfl T w»n 
photoadded to cytosine in the nucleic acid. 21 

To co nfirm the chzrmiatographic data, the HPLC- 
isolated fractions were snhmitted to FAB analysis in a 
glycerol matrix. Ihe most i m portant peaks are shown 
in Table 2: the prominent ion at mJz 473 corresponds 
tothenridin phntoaxldnc^ and that at m/z 487 to that 
of thymidine, Furthennore, uridine and thymidine are 
seen in the relative spectra hi the lower mass region. 




cloa 



240 



380 



Figure 6. UV absorption spectra of an eihanol solution of 
photbaddnctl before (a) and after irradiation at 254 nm for 5 
(b) and 10 min icX 

Table a: Mass Sp ecUum e tiy Data 



addnetl 



addactn . 



m/z 



miz 



a«nginmmi 



473 3 CM+HP 487 

.355 3.8 [M-CsObHO^ 413 

244 14 [camp]* 270 

227 24 [C^HuOsNiT 244 

207 31 rCioHwOU + HJ* 242 

138 20 Ccomp — OCjHd^" 226 

177 .10 [CioHsOs -h HJ* 128 

117 28 rdeoxynbose] 127 

113 40 [t2raaH-H3* 



5 M + HT 

ii nm-G&&r- 

* 5 . [CwHuOJ* . 

7 [compl* , 

10 [CifiHuOsT 

10 [CsHrzOsNiT 

25 [thyizmM-t-Hl*' 

15 [deoxyrJbose] 



Several irradiatian procedures followed by add hy- 
drolysis, which also removes the sugarmcdety, and TLC 
|n i w'fiwfinn allowed ns to obtain sufficient amounts of ~ 
-Aft hflfia^mgJiwrj p^rttnqij^ft? for NMR experiments. - ; 
The sflicagel plates showed two violet-fluorescent ban^ 
withi^ values of 0.43 (AddlH^) and 0.56 (Add H H*), 
respectively, when the plates were elated with ethyl 
acetate—ethanol, 9iL The silica was extracted with * 
ethanol, which was then removed in vacuo, and the 
residue dissolved in acetane-cZe- 

AddIH"H-NMR (acetone-ds) <5 1-86 (Is, 3H, 4 -Me), 
2L50 (d, 3H, 4-Me,J» 3-2 Hz), 3-54 (d,5-Ho.e7 = 9-9 
Hz), 3^2 (s, 3H, OMeX 4-52 (ddd, 6-Hc, J = 9 A 5U, 
2.0 Hz), 5.02 (d, 5'-H,«/« 5.1 Hz) r 5.86 (q, 1H, 3-H, J** 
12fiz) f 6A6 (s/lH, 6-H), 6.68 (br, 1H, 1-H T ), 8£0 (hr, 
1H, 3-HtX 

Add H H* differs from I H+ only in the cydobutane 
signals two methyl groups are pt e s e nt at 1.58 and 1.73 
ppm (2s, 3H each; 5-Mer, 4-Me) while two protons 
resonate at 4J.7 (dd, 1H, 6-H T ,.7=5.3, 2.6 Hz) and 5-01 
(d, 1H, 5'-H,c7~ 5.3 Hz), respectively. 

The NMR data thns confirm that the c ompounds are 
C* eydoaddncts between the fm wi mi»wwn and either 
thymine or tiradL The coupling pat tern, of the cyclobu- 
tyi protons 3hows that, to 

with syn regiochemistryi in both addncts 6-H of the 
base and 5'-H of angehcin are vicinal In the cyclobutane 
ttng. Moreover* the coupling constant values are in 
agreement with those found in several fo r an side 
addncts having da stereoehenmliy. 27 71 The structure 
shown in Figure 7 was thus assigned to the adducta. 
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hSSSJl ]?!£ ec SL s ??f? re fiirm side addnet 




(BHD) 

and HPLC anatyas (see Figure 8); only one imported 
reW^at ^ compound Trndergoes photoStian 

e ^ pen ? ieat f J!!? 8 Perfumed and confirmed this as- 
sumption: l H-NMK (acetone-dy <5 1.62 (s, 3H. 4'-Mri 

1H. 5 -HX 6.00 (q, 1M, S-H), 6.55 (a, 1H, 8-H). These 
^a^^ be gained by the addnet with cfe^t 
^£2£"^2£ evidence of phototrfnding to eytoSe 
whs ODtamed "with ciomjjij u n^ ^ 

40jmmirradia^ 

p-nuxuiwjaniHne only by l^-r5%, showing that^ 

property as it may result in lower slrinphoto- 

^lie results af cell growth. 
^Mbi±iOT gtodxes are shown in Table 3, expressed in 
tem3 * Besides 5-MOP, we took aVrtoiS 

con^TOads S-MDP (the drag most piBgnant^edto 
photochemotheriipy) ana 5-MOA, althougntL latter 
was known to be practical Toward HL60 

f^^^^ 211 ^ derimlves and the anSS 
3,4'-dxmethyl derivative had almost th same activity 
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presence at .Examined Compound* and 5- and 8-MOP rm 
Beferenca Progs .. 

cell fines JCg (qM) 



HL60 



HeLa 



8-MOP 

5-MOP 

5-MQA 

1 

2 

3 

4 



A 431 



0.75 ±0.09 
1-30 ±0.07 
>10 

0.67^:0.02 
0.69 ± 0.08 
2.72 ±0J.1 
OL59^r0.04 



3.16^0-34 
. 423dbOL2l 
>10 

1/76*0.25 
1-26*0.24 
6L83±0L52 
1.06=fcOJ2 



248 ±0.18 

ass ±0.23 

7-72 ± CL41 
1-35 0.05 
1^2 db 0.02 
7.73 db CL61 
1-37 =fc 0.07 



Tmbl»4. Skia Phototoxicity m 

50 cm-* of Te^Tca^andJ^I Oifr ^gg^^ 



5-MOP 

5-MOA* 

1 

2 

3 

4 



for irinltom of fttythajeng* 



+++ (with edema) 

(without edema) 



iroai rcf 15. 



" medimn; H — » — mild: »Kr^+ *> 



Tfekea 



as 8-MOP, while the linear M'^nmethyl derivative was 
xmzen Jess active. 

On HeLa cells, the concentration needed to 

^o^waslowestferthe two angular derivatives and 

a f tVB ^ n il MOP ^ compound again 

fltowsL^etncaey. Finally, also on A431 c^lyto- 
toxicity date confirmed the significant acrivn^ of 
pounds Z, 2, and 4* ? , V~l 

performed with the new conrpwmds revealed thatth 
two *mgular and the linear 4,4'^deiivatives were cma- 
pletely devoid phototoxiaty. instead, the linear 3.4'- " 
derxvative caused erythema, althon^toasnhstanrSoy 
lower extent than that induced hy the two~par*nt 
ccmpofonas 5-MOP and 8-MOP (see Table 4). 

CVmclnsxcm8 

The effects of methyl groups on 5-methaxypsoralen 
an * ^metnaryangrHcm were evaluated in terms of 
^otsomfexaction with D2£A and antrpzulixaratrve activ- 
ity: SNA photobinding of the 4^4'^dimethyl derivatives. 

winlethe3,4 derivatives show lower photoreactivity 
As expected, both linear derivatives are cxosa-linkinf 
agents, although less effective than 5-MOP, and the 
ao gnlax cmnponnds behave as inonr»fr™*i~nfn photo 
reagents. Furtherniore, aH of the compound 
agrostexchisivebr through thedouMebopdatthefaran 
ring, Hbwwer, when photoMfirifng was studied in UNA 
samples having different base content, a dffiexent 
henavuxr appeared between the linear and angular 
compounda. The former, nice' 5-MOP and all fhroeon- 
marins studied tznttt now; show higher phc^bmdW 
with m r rraff T ng A-T content. Instead, the phc*oreact 
tfvxty of the lat ter is independent of base coinpositian. 
™" T 83 further proven with enmpc^d 2 by isolating 
and cnarnctfiriTTTrg the photqpioducts fbrmmg in calf 
thymus TfNAz after enxymatic hydrdrysis, a shnilar 
yjeld of cycloaddncta with thynncune and cytidme was 
finmd, Ik previous studies carried out with sever*! 



■■■4 
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angular derivatives, thymine has always been shown 

for compound 1 in the Experimental Section- Se 
fliJJ^^otoadduct was evidenced HELC 
shVuSL^ ^f^^P^^diagto cytosine 
toiblr ? d to the ^^neous presence 

of the angvOar derivative may stimulate researching 
their possible biological importance. = * earcn ««* 

Anttproliferative activity, measured on three different 
• rlfe^^^ a ^P^W^beingl*2 

Surprisingly, 3,4-^ethyl-S-MOA (4) was as active 
itself and bemga pure monofimrtional agent 

j.J"™—™ 7 expected for the two angular 
d errvair^s, it was noteworthy for linear camponndT 

dr^v^^M. methy] ^ M0p25) ^ ^ rf 

Both the antiproliferative and erythernogenic activi- 
ties* this series of mmgomd^aS^SSS. 
cfassical scheme DNA photo Wnding— asHnrrUfmrJ^Z 
effect and crosslink ^aS^skin^KSS 

activity relationship is still nuclear. 

Hv^^ dAm ?f!^^^^^ the photo- 
dynamic action of fkrocaumarins,26 we investigated the 

ass? ^"=swa?s: . 

S h c ^?^ ndSl ^f,i arenfiWaoalo e Bof ^ M OP which 
^ ant^rohferative a tivrty withontindudne 
ftote^ana. Forcompound 4. the lack of correlatioi 
hua °^^ty and DMA photohnSoS 

Tto mirtagemc and tojrfcologkal aspects of new 4'. 
derivatives of 5-MOP and 5-MoTwillaS be 
evaluated in view of a possible therapeutic approach! 

Experimental Section 

lJS!^1r£^v are uncnErec ted and wen drtennined in a 

in^'sr^^^^^^S^? 

to hemx Maes spectrometry was carried ontonl ni^T 
fcraied by a Perkln-JSlmer 240B b^^^^^ 

"?£f , ***P b 7 <TO was performed en silica gal (MerekSO 23oL 
400 mesh); analytical TLC was w^ft™ ri fT:,~^, : 
Plates iSfeO f^SnS^ m """^ 



GiaetaL 

,? J^S^ "^=^ ax 5^^ylcxrainarm (6) and 5-Hy- 

f^^7^ ne ? U 5^ laefl ^ nnai »^ (7)- lahyFaeetoS 
etata (10 mL, 78.5 . mmol) wa* added to LsSiv^^t 

wa S ^^str^ tefor2h - 

^™f»POttred into cold water (500 mL) and left toTtand 

C.Il S162 - 1683 - 1633, 1600, 1349. Anal 

carbonate (lO^T^^^l^r' 28 mn aU and potacsmm 
W^TT^T^ ^ Jxtare stared nnder rmfhrx for 12 
^^^tm^preapitate ~as filtered out, and ^efflSate 

then addffled with HO? thiT^^J!S-L?™ iBed * ,r * liand J 
-toiavS^S^ilr^* addie sotanon was evaporated ' 

gi t IT - CO,. 57), US 04). 58 (42X W (CJI«0 Ja 
IttW 1 ?!^ JfP^Pr 211 "C: >H NMR (CDCW 7^9 («, 

2*<cSS5ci? aM (<M * v -° 0k 65,1 115 

tMOioUandbo^toSmm. The eooted aqueous Station 
(s. 1H. CHOI 5.99 -:d, m.5-H.J- = L915^M VW r 



